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a b s t r a c t
In three experiments, male Wistar rats were trained to find a hidden platform in the Morris water maze
using twocues for fiveor tendays. Experiments 1 and2 investigated two factors of cue salience; proximity
to the goal and brightness. Results from Experiment 1 showed that rats tested with a bright distal cue
were significantly better at locating the platform than rats tested with the proximal cue after five- and
ten-day training with both cues. In Experiment 2, the position of the cues was reversed. Rats tested with
a brighter proximal cue outperformed those tested with a distal cue. Findings from Experiments 1 and 2
suggest that brightness acquired more control over rats’ behaviour than proximity to the goal. Animals
in Experiment 3 were trained with equally bright proximal and distal cues. Unexpectedly, probe tests
revealed that rats tested with the farther cue were more accurate than those tested with the proximal
cue, but only after extended training. Possible explanations for this result are discussed with reference
to errors in directional information estimation and cue assignment, cue elevation and the use of the
pool wall as a navigational aid. Taken together, findings point towards the use of an elemental learning
strategy involving the more salient of the two cues which emerged earlier when the relative saliences of
the cues differed considerably.
© 2015 Elsevier B.V. All rights reserved.
1. Introduction
The importance of environmental cues for successful navigation
iswell-documented inmanyspecies (for reviewsseeRodrigo, 2002;
Tommasi et al., 2012). According to associative theories of spatial
learning, navigating animals form representations of cues from a
collection of viewpoints, which then become associatedwith a goal
destination (Hamilton et al., 2002; Honey et al., 2014; Leonard and
McNaughton, 1990). These associations are thought to be created
in one of two ways; elementally or configurally (Siegel and White,
1975; Sutherland and Rudy, 1989). Elemental learning strategies
(e.g. Miller and Shettleworth, 2007; Rescorla and Wagner, 1972)
occurwhere the animal formsdirect associations between each cue
and the destination separately (Pearce, 2002). When navigating to
the goal, the animal must therefore identify the cues and remem-
ber their discrete spatial relationships to that location. Configural
learning strategies (e.g. Rescorla et al., 1985; Rudy and Sutherland,
1995) involve the association of a cue configuration with the
destination, where a novel configural representation (independent
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of the individual cue components) is generated (Honey et al., 2014;
Pearce, 2002). Here, the animal is required to remember the posi-
tion of the goal relative to the complete configuration.
Research in various species has attempted to discriminate
between configural and elemental strategies by altering the
arrangement of cues between navigational training and testing
phases. Using this approach, evidence for elemental strategy use
has been found in children and non-human primates (MacDonald
et al., 2004), gerbils (Collett et al., 1986) and pigeons (Spetch et al.,
1996). Specifically, results illustrated that, when trained to locate
a goal in the centre of a fixed array of cues and tested with the
distance between these cues increased, animals tended to search
for the goal at the absolute distance and direction from individual
cues rather thanat the relativemidpointof the configuration.More-
over, Collett et al. (1986) showed that when one of the two trained
cues was removed, gerbils searched in two distinct locations which
corresponded to the distances and directions from each cue to the
goal during training. On the other hand, adult humans (Spetch et al.,
1996; Spetch et al., 1997) and honeybees (Cartwright and Collett,
1982) have been known to search in the same relative location dur-
ing testing as in training; for example, if trained to navigate to the
centre of a cue arrangement, they continue to search in the cen-
tre of the expanded array, suggesting a configural strategy. More
http://dx.doi.org/10.1016/j.beproc.2015.04.010
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interestingly, the use of both strategies has been documented in
Clark’s Nutcracker birds (Kamil and Jones, 1997, 2000), indicating
that configural and elemental learning may not be mutually exclu-
sive. Rather, the use of a particular strategy may be influenced by
the nature of the cues available to the animal in a given scenario.
Cue salience arguably plays a vital role in determining the type
of learning strategy an animal will use, although it has not yet
been studied to any great extent in the spatial domain (Rodrigo
et al., 2014). The term salience can be defined as the “significance
or noticeability” of a cue (Chamizo et al., 2006c, p. 340). There are a
number of factors which can influence cue salience (Domjan et al.,
2010). One suchwell-established factor is thedistance of a cue from
the goal location,wherebyproximal cues acquiremore control over
navigation (i.e. becomemore salient) than distal cues (Artigas et al.,
2005; Chamizo, 2002; Chamizo and Rodrigo, 2004; Cheng et al.,
1987; Redhead and Hamilton, 2007; Spetch and Wilkie, 1994). This
effect is thought to occur because proximal cues offer the most
precise spatial information about the location of the goal (Spetch,
1995). That is, estimates of the distance and direction in which to
travel are more variable for distant cues and, thus, more prone to
error (Kamil and Cheng, 2001; Spetch, 1995). Specific features of a
cue (e.g. size or luminance) have also been shown to effect salience
(Chamizo et al., 2006c, 2012; Young et al., 2006). Chamizo et al.
(2006c), for example, demonstrated that rats navigating in theMor-
ris water maze with a bright distal cue performed as well as those
navigating with a less luminous proximal cue.
Recently, Rodrigo et al. (2014) examined the effects of vary-
ing the salience of a cue configuration on the type of strategy
employed by rats in the Morris water maze. Cues ranged from hav-
ing approximately the same salience to having different saliences
across conditions. Probe trials revealed that rats could adopt dif-
ferent spatial strategies, depending on the similarity of the cues’
saliences (Rodrigo et al., 2014). Namely, when the salience was
comparable, rats relied on the arrangement of cues (i.e. a con-
figural strategy), and when salience was dissimilar, they used an
elemental strategy involving the more salient of the two cues to
reach the platform (Rodrigo et al., 2014). Notably, Rodrigo et al.
(2014) suggest that the emergence of these distinct strategies may
be somewhat dependant on a prolonged training period. Although
this idea has not yet been thoroughly examined in a spatial learning
context, visual discrimination research in honeybees has demon-
strated that extended training can in fact produce a change in the
chosen strategy, from elemental to configural (Giurfa et al., 2003).
Giurfa et al. (2003) also showed that, at longer training lengths,
perceptual similarity between cues promoted a configural learning
approach.
The current study aimed to expand on previous work in two
ways; firstly, by further exploring the effects of altering cue salience
on spatial learning strategies used in the Morris water maze, and
secondly, by delineating the influence of training length on the type
of strategy used. Experiment 1 examined two components of cue
salience; distance from the goal and brightness. Rats were trained
with a proximal (near) cue and a bright distal (far) cue for five or
ten days and subsequently tested with both or one of these cues.
We hypothesised that if one cue acquired more salience than the
other, rats would initially adopt an elemental strategy with the
high salience cue; however, if both cues became equally salient,
rats should readily incorporate both into a configural strategy after
only five days of training. Experiments 2 and 3 examined animals’
learning behaviour in the presence of two cues with more distinct
saliences. In Experiment 2, rats were trained with the original posi-
tions of the cues reversed. Here, as one cue was both brighter and
closer to the goal,we expected rats to employ an elemental strategy
with this cue. In Experiment 3, ratswere trainedwith equally bright
near and far cues.Wepredicted that ratswould favour an elemental
strategy involving the proximal cue to begin with, but after further
training, may incorporate the farther cue into a configural strategy
(similar to Giurfa et al., 2003).
2. Experiment 1
Experiment 1 had three aims; firstly to establish which compo-
nent of cue salience (proximity or brightness), if any, acquiredmore
control over navigation, secondly to identify if rats were using an
elemental or configural learning strategy, and thirdly to determine
if increased training could lead to a change in strategy. Rats were
trained in the hidden platform version of the water maze (Morris,
1981) for five or ten days with a near cue and a brighter far cue,
followed by testing with two cues or one cue.
2.1. Method
2.1.1. Subjects and housing
Subjects were 39 male Wistar rats (three months old at the
beginning of training, 250–300g) obtained from Charles River, UK.
All rats were given a number with a non-toxic marker pen for
Fig. 1. (A) Schematic diagram of the training and testing environment. (B) Representation of the type and number of cues available to groups during testing for Experiments
1–3. Open circles denote the 25W light bulb and closed circles denote the brighter 40W light bulb.
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identification purposes. Rats were housed three per cage in plastic-
bottomed cages (56×38 cm and 22 cm high; NKP Cages, UK) with
a 3 cm layer of woodchip bedding, paper strip nesting material and
cardboard tubes. All cages were cleaned out once a week. All rats
had access ad libitum to water and food pellets and were main-
tained under a 12:12h light:dark cycle (lights on at 07:00h) at a
fixed temperature of 21 ◦C. All rats were well handled for one week
prior to the onset of training. Guidelines for the maintenance and
experimentation of animals throughout this study conformed to
the Department of Health and Children (Ireland) guidelines under
statutory instrument (S.I.) No. 543 of 2012 and the European direc-
tive 2010/63/EU.
2.1.2. Morris water maze apparatus
The water maze consisted of a black, circular fibreglass pool
(170 cm diameter, 35 cm deep) resting 70 cm above floor level on
a metal support frame. The pool was filled with opaque water to a
depth of 20 cmandmaintained at 21±1 ◦C. A black concrete escape
platform (13 cm diameter, 13.5 cm width) was placed in the centre
of the northeast quadrant of the pool, 2 cm below the water surface
and25 cm from the edgeof thepoolwall. Themazewas surrounded
by a black curtain suspended from ceiling to floor at a distance of
60 cm from the pool wall which prevented access to room cues
(see Fig. 1A for a schematic diagram of the testing room). The cues
used in this study were two fluorescent, inside-frosted, low energy
Philips glass light bulbs which were suspended from the ceiling
directly inside the curtain. Cues were positioned northeast (NE;
distance of 127 cm, height angle of 42◦; near cue) and northwest
(NW; distance of 162 cm, height angle of 25◦; far cue) of the plat-
form, respectively (see Fig. 1A). One 25W light bulb (190 lumen
light output; near cue) and one 40W light bulb (370 lumen light
output; bright cue) were used. For all experiments all rats were
trained and tested in complete darkness (i.e. the two light bulbs
were the only light source) to ensure that they learned to navigate
using the distal cues. To minimise distraction for the animals (e.g.
noise), all trials were observed by the experimenter in an adjacent
testing room via a video camera positioned directly above the cen-
tre of the maze. Behavioural data were recorded using EthVision©
tracking system (Noldus Information Technologies, Wageningen,
Netherlands).
2.2. Morris water maze procedure
2.2.1. Acquisition
Training for all rats consisted of four trials per day in the
presence of both cues. Rats were trained for five (n=21) or ten
days (n=18), totalling 20 or 40 trials. All training was completed
between 09:00 and 12:00h. For each trial, the rat was placed into
the pool near to and facing the pool wall from one of four direc-
tional starting positions (north, south, east or west; see Fig. 1A) in
a pseudo-randomised order. The time taken to reach the platform
was recorded. If a rat failed to find the platform within 60 s, they
were guided there by the experimenter. Once on the platform, the
rat remained there for 15 s before being placed in an open-topped
box outside of the curtain for an inter-trial interval of 5 s. Follow-
ing this interval, the rat was placed back into the maze for the next
trial.Oncompletionof four trials, the ratwas returned to theirhome
cage.
2.2.2. Retention
Twenty-four hours after thefinal day of training (i.e. day 6 or day
11) rats were tested in a single 60 s probe trial with the platform
removed. All retention trials were carried out between 09:00 and
12:00h. Prior to the probe trial, rats were randomly divided into
sub-groups. Rats trained for five days were separated into three
groups; a Control group, Near group and Bright group (n=7 per
group). Rats trained for ten days were also divided into a Con-
trol group, Near group and Bright group (n=6 per group). Rats in
the Control groups were tested with both the near (NE) and bright
(NW) cues present, as per training (see Fig. 1B, first row). Rats in
the Near groups were tested with the near (NE) cue only, and those
in the Bright groups were tested with the bright (NW) cue only (see
Fig. 1B, first row). For groups tested with a single cue, the alternate
cue was removed from view (the light was switched off and moved
outside of the curtain). During the probe trial, all rats were placed
into the pool near to and facing the centre of the SW quadrant (due
to its novelty and its position opposite to the platform). Rats were
allowed to swim freely for 60 s. After the 60 s had elapsed, ratswere
returned to their home cages. To examine searching behaviour dur-
ing the probe test, mean percentage time (of 60 s) spent in the four
quadrants of the maze and in four corresponding platform areas
was recorded. Platform areas were defined as the circular areas
surrounding the NE platform location and equivalent areas in the
other three quadrants (NW, SE and SW; all 18 cm diameter). These
areas were included in the analyses as a more refined measure of
rats’ searching behaviour during the probe trial (Hoz et al., 2004).
2.3. Results
2.3.1. Acquisition
Time taken to escape the maze was examined as a measure of
task acquisition using mixed factorial analysis of variance (ANOVA)
with group as the between-groups factor (Control, Near and Bright)
and training day as the within-groups factor (days 1–5 or days
1–10). Tukey and Bonferroni post hoc tests were carried out,
wherever they were appropriate. Rats were separated into their
respective retention groups for escape latency analyses to ensure
that they did not differ behaviourally during the training phase.
ANOVAs revealed significant main effects of day after both five,
F4,72 = 33.10, P=0.0001, partial eta2 =0.65, and ten days of train-
ing, F9,135 = 23.84, P=0.0001, partial eta2 =0.61. Bonferroni post hoc
tests showed that rats trained for five days were significantly faster
at finding the platform on day 5 (14.36±1.49 s; 95% CI [11.22,
17.48]) compared today1 (38.49±1.92s, CI [34.45, 42.52]P=0.001;
see Fig. 2A). Similarly, rats trained for ten days escaped signifi-
cantly faster onday10 (10.48±1.20 s, CI [9.73, 13.03]) thanonday1
(38.03±2.99, CI [31.66, 44.41], P=0.001; see Fig. 2B). No significant
group×day interaction effects were found.
The main effect of group was significant for rats trained for
five days, F1,18 = 4.77, P=0.05, partial eta2 =0.35. Tukey post hoc
tests showed an overall significant difference between the Con-
trol group and the Near group (P=0.02). Between-groups, ANOVAs
were then carried out to determine on which days these groups
differed. Although no main effects were found, the observed post
hoc difference appeared to be driven by escape patterns on days
1, F2,20 = 3.08, P=0.07, and 2 of training, F2,20 = 3.09, P=0.06, which
neared significance. Main effects on day 3: F2,20 = 1.03, P=0.38, day
4: F2,20 = 1.85, P=0.19, and day 5: F2,20 = 0.40, P=0.67, were not sig-
nificant. The main effect of group after ten days of training was not
significant and no group differences were found on day ten.
2.3.2. Retention
To establish whether rats showed a significant preference for
any quadrant during the probe test, percentage time spent in each
quadrant was compared to chance level (25%) for all groups using
a series of one sample t-tests. As shown in Fig. 2C, both Control
and Bright groups trained for five days spent significantly longer
in the target (NE) quadrant than expected by chance, t12 =5.84,
P=0.001, and t12 =2.70, P=0.04, respectively, and significantly less
time in theNWquadrant, t12 =7.25,P=0.001, and t12 =4.37,P=0.01,
respectively. The Bright group also spent significantly more time in
the SE quadrant compared to chance, t12 =4.52, P=0.01. In contrast
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Fig. 2. (A–B) Mean escape latency for Control, Near and Bright groups trained for five and ten days. Open and closed circles represent 25W and 40W light bulbs, respectively.
Closed circle inside maze indicates the platform location. (C–D) Mean percentage time spent by groups in the four quadrants compared to chance after five and ten day
training. Dotted line indicates chance level (25%). (E–F) Mean percentage time spent by groups in the four platform areas after five and ten day training. Error bars depict
standard error of the mean (S.E.M.). * =P<0.05, ** =P<0.01, and *** =P<0.001. (G–H) Heat maps showing search distributions during the probe trial according to group after
five and ten days of training.
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to the other groups, the Near group spent significantly less time
in the NE quadrant compared to chance, t12 =6.79, P=0.001 (see
Fig. 2C). After tendays of training, Control andBright groups contin-
ued to favour the target quadrant, t10 =2.75, P<0.05, and t10 =4.57,
P<0.05, while the Near group spent significantly less time in the
NW quadrant, t10 =5.30, P=0.01 (see Fig. 2D). No other significant
deviations from chance level were found.
As a more specific indicator of rats’ searching behaviour, per-
centage time spent in all four platform areas was assessed using
a 3×4 mixed factorial ANOVA with group as the between-groups
factor and platform area as the within-groups factor (NE, NW, SE
and SW). After five days of training, a significant main effect of area
(F3,54 = 10.84,P=0.001,partial eta2 =0.38) andarea×group interac-
tion effect (F6,54 = 3.60, P=0.02, partial eta2 =0.29) were found. The
main effect of group was not significant. Post hoc analyses showed
that rats preferred the target platform area (8.16±1.11 s, CI [5.83,
10.49]) over the NW (2.33±0.52 s, CI [1.25, 3.42]; P=0.01) and SW
areas (3.41±0.46 s, CI [2.44, 4.39]; P=0.04). When groups were
examined separately using repeated measures ANOVAs, this pref-
erence was found to be driven by the Control group (F3,18 = 10.32,
P=0.01, partial eta2 =0.63)which spentmore time in the target area
compared to NW (P=0.01) and SW areas (P=0.04; see Fig. 2E,G).
The main effect of area was also significant for the Bright group
(F3,18 = 8.79, P=0.02, partial eta2 =0.59) but no post hoc differences
were discovered. Subsequent Bonferroni corrected paired samples
t-tests did, however, show that the Bright group spent significantly
longer in the target area compared to the NW (t6 =3.05, P=0.04)
and SW areas (t6 =3.09, P=0.04). The main effect of area for the
Near group was not significant. To explore any group variations
in time spent within an area, repeated measures ANOVAs were
then conducted. A significant main effect of area was discovered
in the target area only (F2,20 = 5.54, P=0.02), with the Bright group
spending more time here than the Near group (P=0.02).
Platformarea analyses after tenday trainingproduced compara-
ble results. The main effect of area (F3,45 = 16.61, P=0.0001, partial
eta2 =0.53) and area×group interaction effect were significant
(F6,45 = 8.94, P=0.0001, partial eta2 =0.54). The main effect of group
was not significant. Bonferroni post hoc analysis showed that rats
spent significantly longer in the target area (10.48±1.01 s, CI [8.32,
12.64]) compared to the three remaining areas (NW: 4.63±0.58 s,
CI [3.39, 5.87], SE: 4.33±0.64, CI [2.97, 5.70], SW: 4.07±0.55 s, CI
[2.91, 5.24]; allP=0.01). RepeatedmeasuresANOVAs indicated that
this finding was mediated by the Control (F3,15 = 22.80, P=0.001,
partial eta2 =0.82) and Bright groups (F3,15 = 7.59, P=0.02, partial
eta2 =0.60); where the Control group spent significantly more time
in the NE area than in the southern areas (both P=0.01), and the
Bright group spent more time in this area compared to the SE
area (P=0.04; see Fig. 2F,H). Again, between-groups ANOVAs were
used to assess group differences within each area. Analyses yielded
main effects for the NE (F2,17 = 14.04, P=0.0001), NW (F2,17 = 6.07,
P=0.02) and SE areas (F2,17 = 5.31, P=0.02). Tukey post hoc compar-
isons showed that Control rats spent significantly longer in the NE
and NW areas than the Near group (P=0.01 and P=0.02), the Bright
group also outperformed the Near group in the NE area (P=0.01),
while the Near group spent more time in the SE area compared to
the other two groups (P<0.03 and P=0.05).
2.4. Discussion
All groups acquired the task, as indicated by the decrease in time
taken to escape the maze across five- and ten-day training periods.
Furthermore, no group differences in escape latencies were found,
signifying that groups showedequivalent learning.Analysesof time
spent in quadrants and platform areas illustrated that, as expected,
Control rats successfully navigated to the correct regionof themaze
using both cues, with an increase in searching specificity observed
from five- to ten-day training. Animals tested with the bright cue
also showed a steady preference for the target quadrant and area
across training lengths, indicating that rats correctly assigned the
available cue to their representation of the bright cue in memory.
In contrast, the Near groups had poor overall retention, spending
the majority of their time in the southern regions of the maze.
The Near groups’ tendency to search in the SE area after ten days
could indicate that theymisidentified thenear cue as thebright cue,
as searching in this region corresponds to the spatial relationship
between the bright cue and the platform during training.
Taken together, results indicate that the cues did not acquire
equal salience during training, but rather, the brighter distal cue
rapidly became more salient than the proximal cue. This finding
lends support to the idea that discrete features, in this case bright-
ness, can influence the overall salience of a cue (Chamizo et al.,
2006a,b,c; Young et al., 2006). With regard to strategy use, the
divergent performance of the one-cue groups seems to suggest that
animals employed an elemental strategy involving the bright cue
to find the platform, similar to rats in Rodrigo et al. (2014). Impor-
tantly, no evidence for a shift in learning strategy was observed,
as rats continued to rely on the bright cue even after extended
training.
3. Experiment 2
The aim of Experiment 2 was to demonstrate that rats could
learn to navigate using a bright cue in the near position, thereby
controlling for cue location. Animals were trained for ten days with
abright, near cueanda far cueand testedwithbothoronecue. Since
we expected the bright cue to acquire a higher salience than the
near cue from the outset of learning (due to it being both brighter
and closer to the platform), only one training lengthwas employed.
3.1. Method
3.1.1. Subjects and housing
Twenty-one male Wistar rats obtained from Charles River, UK,
were used as subjects (see Experiment 1 for details regarding age
and weight). Rats were housed and maintained as per Experiment
1. All rats were habituated to handling for one week prior to the
onset of training, as before.
3.1.2. Morris water maze apparatus and procedure
All apparatus and procedures were the same as in Experiment 1
with the exception that the location of the near and bright cueswas
reversed, such that the brighter cue was positioned closest to the
platform (in the near position). All rats were trained for a total of
ten days (four trials per day; 40 trials) in the presence of both cues,
with probe trials being completed on day 11. Prior to testing, rats
were assigned to a Control group, tested with both cues (NE and
NW), Bright group, tested with the bright (NE) cue, or Far group,




Mean escape latencies were examined using a 3 (Control,
Bright and Far groups)×10 (days 1–10) mixed factorial ANOVA
with appropriate post hoc. In line with Experiment 1, a sig-
nificant main effect of day was found (F9,162 = 29.20, P=0.0001,
partial eta2 =0.54). Post hoc tests showed that mean escape latency
decreased from 39.46±2.91 s (CI [33.33, 45.56]) on day 1 to
15.43±1.10 s (CI [13.12, 17.73]) on day 10 (P=0.001; see Fig. 3A).
The day×group interaction effect and main effect of group were
not significant, and time taken to escape the maze did not differ
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Fig. 3. (A) Mean escape latency for Control, Bright and Far groups trained for ten days. Open and closed circles indicate the 25 and 40W light bulbs, respectively. Closed circle
inside maze indicates the platform location. (B) Mean percentage time spent by groups in four quadrants. Dotted line depicts chance level (25%). (C) Mean percentage time
spent by groups in four platform areas. Error bars illustrate S.E.M. * =P<0.05 and ** =P<0.01. (D). Heat maps showing search distributions during the probe trial for each
group after five- and ten-day training.
significantly across Control, Bright and Far groups on the final day
of training.
3.2.2. Retention
During testing, time spent in the target quadrant was signifi-
cantly above chance for the Control (t12 =3.34, P=0.01) and Bright
groups (t12 =3.31, P=0.01), but not for the Far group (see Fig. 3B).
No other significant differences were found for any other quadrant.
Mixed factorialANOVAassessingmean timespent inplatformareas
by groups yielded significant main effects for area (F3,54 = 18.75,
P=0.0001, partial eta2 =0.51) and group (F1,18 = 15.17, P=0.0001,
partial eta2 =0.63), as well as a significant area×group interaction
effect (F6,54 = 4.89, P=0.01, partial eta2 =0.31). Bonferroni post hoc
tests revealed that rats spentmore time in theNEarea (7.49±0.81 s,
CI [5.79, 9.19]) compared to the NW (2.75±0.45s, CI [1.81, 3.68]),
SE (3.49±0.49s, CI [2.47, 4.52]) and SW areas (2.33±0.33, CI [1.64,
3.03]; all P=0.001). When time spent in areas was examined for
each group individually, significant main effects of area were found
for the Control group (F3,18 = 9.42, P=0.01, partial eta2 =0.61) and
the Bright group (F3,18 = 14.17, P=0.001, partial eta2 =0.70), but
not for the Far group (see Fig. 3C,D). Bonferroni corrected t-tests
revealed that Control rats favoured the NE area over the NW
(t6 =3.39, P=0.045), SE (t6 =3.31, P=0.048) and SW areas (t6 =3.71,
P=0.03). Post hoc tests were significant for the Bright group, which
preferred the target area over the NW (P=0.05), SE (P=0.01) and
SW areas (P=0.02). Similar to Experiment 1, the Control and Bright
groups spent a significantly greater length of time within the target
area relative to the Far group (F2,18 = 12.19, P=0.0001; both P=0.01;
see Fig. 3C).Groupdifferences in all other areaswerenot significant.
3.3. Discussion
As per Experiment 1, all groups learned to escape the maze
equally well after ten days of training. During the retention test,
the Control and Bright groups favoured the target quadrant and
platform area, while rats navigating with the less luminous far cue
were impaired. Results indicate that the bright cue again became
the more salient of the two cues. Interestingly, the Far group did
not appear to mistake the far cue for the bright cue here, as was
noted in Experiment 1. Namely, this group showed no preference
for searching in theNWregionof thepool. It is possible that because
the bright cue was both brighter and closer to the platform rel-
ative to the far cue, this cue acquired a beacon-like control over
navigation (see Redhead et al., 1997), whereby animals paid little
attention to the relationship between the far cue and the platform
during training. Thus, rats were completely impaired with the near
cue during retention. In line with Experiment 1, the discrepancy
in performance level between the one-cue groups also implies the
presence of an elemental over configural learning strategy.
4. Experiment 3
Findings from Experiments 1 and 2 showed that brightness can
have a greater effect on cue salience than proximity to the goal.
Therefore, the purpose of Experiment 3 was to more closely exam-
ine the role of proximity to the goal in determining cue salience,
and consequently on the type of strategy learned. We also aimed
to investigate if greater experience with a cue arrangement via
increased training influenced the type of strategy used. Rats were
trained with two cues of equal brightness positioned near to and
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far from the goal (as before) for five or ten days, followed by testing
with two cues or a single cue.
4.1. Method
4.1.1. Subjects and housing
Thirty-eight male Wistar rats (3 months old, 250–300g; Charles
River, UK) were maintained, housed and handled as outlined in
Experiment 1.
4.1.2. Morris water maze apparatus and procedure
Apparatus and procedures were identical to Experiment 1 with
the exception of the far cue. For Experiment 3, the far cue was
replaced with a 25W light bulb, resulting in an environment with
two equally bright distal cues. Rats were trained for five (n=20; 20
trials) or ten days in total (n=18; 40 trials), followed 24-h later by
a single probe trial. Before testing, rats were randomly allocated to
one of three groups; a Control group (n=6), Near group or Far group
(both n=7). Rats trained for ten dayswere grouped in the sameway
(n=6 per group). Again, Control groups were tested with both cues
(NE and NW), Near groups were tested with the near (NE) cue and
Far groups with the far (NW) cue (see Fig. 1B, third row).
4.2. Results
4.2.1. Acquisition
Mixed factorial ANOVAs were once again employed to inves-
tigate time taken to escape the maze. Main effects of day were
found after five (F4,68 = 33.86, P=0.0001, partial eta2 =0.67; see
Fig. 4A) and ten days of training (F9,135 = 25.88, P=0.0001, partial
eta2 =0.99; see Fig. 4B). Day×group interaction effects and main
effects of group were not significant for both training lengths. Bon-
ferroni post hoc analyses indicated that escape latencies after five
days (11.97±1.35 s, CI [9.12, 14.82]) and ten days (10.39±0.92 s,
CI [8.44, 12.34]) were significantly shorter compared to the ini-
tial training days (31.23±1.68 s, CI [27.68, 34.79], P=0.001, and
33.59±1.92 s, CI [29.54, 37.65], P=0.001). Groups did not differ
significantly on the final day of training for either training length.
4.2.2. Retention
On completion of five days of training, no group displayed a
significant preference for any quadrant (see Fig. 4C). The only sig-
nificant finding was that the Far group spent significantly less time
in the SW quadrant compared to chance level, t12 =2.48, P=0.05.
After ten days of training time spent in the NE quadrant was sig-
nificantly greater than chance for the Control group (t10 =6.93,
P=0.001) and the Far group (t10 =6.63, P=0.001), but not for the
Near group (see Fig. 4D). Percentage timeswere significantly below
chance level in the NW quadrant for the Near (t10 =3.15, P=0.03)
and Far groups (t10 =4.43, P=0.01), and in the SW quadrant for the
Control (t10 =7.18, P=0.001) and Far groups (t10 =3.89, P=0.02). A
comparison of time spent in platform areas after five days of train-
ing produced a significant main effect of area (F3,51 = 3.13, P=0.03,
partial eta2 =0.16) and area×group interaction effect (F6,51 = 5.08,
P=0.0001, partial eta2 =0.57), but no main effect of group. Post
hoc testswere not significant. Repeatedmeasures ANOVAs showed
that, of the three groups, Control rats spent significantly more time
in the target area compared to NW and SE areas (F3,15 = 13.30,
P=0.001, partial eta2 =0.73; P=0.01, and P=0.04, respectively).
Near and Far groups did not display a preference for any area (see
Fig. 4E,G). The Control group also spent significantly longer in the
NE area compared to the Near group, F2,15 = 13.30, P=0.02 (P=0.02;
see Fig. 4E,G).
Analyses of groups trained for ten days produced a main effect
of area (F3,45 = 48.33, P=0.001, partial eta2 =0.76) and area×group
interaction (F6,45 = 8.54, P=0.001, partial eta2 =0.53). The main
effect of groupwasnot significant. Bonferroniposthoccomparisons
showed that rats spent significantly more time in the target area
(9.57±0.77 s, CI [7.93, 11.22]) compared to all other areas (NW:
2.04±0.43 s, CI [1.13, 2.94]; SE: 4.35±0.52 s, CI [3.23, 5.47]; SW:
1.46±0.31, CI [0.81, 2.21]; all P=0.001). Individual main effects
of area were also found for the Control (F3,15 = 34.82, P=0.001,
partial eta2 =0.87) and Far groups (F3,15 = 37.13, P=0.001, partial
eta2 =0.88). Both groups favoured theNE area over theNW(P=0.02
and P=0.01), SE (P=0.01 and P=0.02) and SW areas (both P=0.01)
(see Fig. 4F,H). Furthermore, between-groups ANOVA showed that
the Control and Far groups spent significantly longer in the NE area
compared to theNeargroup, F2,17 = 11.84,P=0.01 (bothP=0.01; see
Fig. 4F). Time spent in all other areas did not differ across groups.
4.3. Discussion
All groups successfully acquired the task after standard and
extended training, as before. After five days of training, no strong
group preferences were observed for any quadrant of the maze.
However, the Control group did show an inclination to search in
theNE area (over the NWand SE regions, and compared to theNear
group).When thenumber of training trialswasdoubled, theperfor-
mance of the Control and Far groups improved significantly. Both
groups favoured the NE quadrant and the NE area over all remain-
ing areas and relative to the Near group. In contrast, rats navigating
with the proximal cue failed to search in the target regions after ten
days. Not entirely unlike Experiment 1, the Near group did exhibit
a slight tendency to search in eastern over western regions of the
maze – although these differences did not reach significance. This
preference couldpotentiallydenote that the cueswere confounded,
and thus rats, unsure of which cue was present, divided their time
between searching in areas appropriate for each cue. Rats in the Far
group showed no indication of a similar pattern of searching; time
spent by this group in the NW quadrant was in fact significantly
below chance level.
Overall, the results of Experiment 3 revealed that a distal cue
can acquire greater salience than a proximal cue, contrary to our
hypothesis and to some of the previous literature (Artigas et al.,
2005; Chamizo and Rodrigo, 2004; Redhead and Hamilton, 2007).
Furthermore, findings do not support our prediction regarding
strategy use. The poor navigation of the one-cue groups after five-
day training indicates that rats did not adopt an elemental strategy
from the beginning. Rather, it seems that animals initially engaged
in configural learning with the entire cue arrangement, and only
began to regard the farther cue as more salient after additional
training. This could potentially have been due to the enhanced
visual similarity of the cues (relative to Experiments 1 and 2)which
may have promoted a configural learning approach, akin to the
observations of Giurfa et al. (2003).
5. General discussion
The aim of this study was to examine the influence of cue
salience and length of training on the type of spatial learning
strategy used in the Morris water maze. Experiment 1 revealed
that individual cue characteristics – in this case brightness – can
become more salient, and thus acquire more control over animals’
searching behaviour, than relative proximity to the goal. Experi-
ment 2 showed that reliance on the more salient (brighter) cue
can be increased if this cue is also closer to the goal. This find-
ing supports the idea that multiple components of cue salience
can have an additive effect on behaviour (Bennett, 1996; Chamizo
et al., 2006b). Together, results suggest that the presence of a
brighter cue may have interfered with the amount of spatial infor-
mation rats’ learned about the alternate cue throughout training
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Fig. 4. (A–B) Mean escape latency for Control, Near and Far groups trained for five and ten days. Open circles depict two 25W light bulbs. Closed circle inside maze indicates
the platform location. (C–D) Mean percentage time spent by groups in quadrants compared to chance after five and ten day training. Dotted line indicates chance level (25%).
(E–F) Mean percentage time spent by groups in platform areas after five and ten day training. Error bars indicate standard error of the mean (S.E.M.). * =P<0.05, ** =P<0.01,
and *** =P<0.001. (G–H) Heat maps illustrating search distributions during the probe trial according to group after five and ten days of training.
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(near cue in Experiment 1 and far cue in Experiment 2), i.e. an
interference by salience effect (Crespo et al., 2012; Rodrigo et al.,
2014). Furthermore, we observed that greater disparity between
the salience of cues can lead tomore interference.More specifically,
rats navigating with a dim near cue misdirected their searching
to regions appropriate for the bright cue (Experiment 1), whereas
those navigating with a cue that was both dimmer and farther from
the platform appeared to be completely impaired (Experiment 2).
This disproportionate reliance on one cue relative to the other is
indicative of an elemental strategy which was acquired quickly, i.e.
after only twenty training trials in Experiment 1; less than half of
the number administered by Rodrigo et al. (2014).
Whenbrightnesswas removedas a componentof cue salience in
Experiment 3, a different pattern of results emerged. Rats trained
with two equally bright cues for five days failed to find the cor-
rect platform location using either cue in isolation, whereas after
forty training trials, rats navigating with the far cue (in addition to
Controls) displayed good retention. The perceived change in nav-
igational ability suggests that the cues initially acquired similar
saliences, but that the far cue became more salient than the near
cue over time. This points towards the use of a configural strategy
with the intact cue arrangement at first, followed by a shift towards
elemental processing involving the far cue. Here, the interference
by salience effect appears to have been dependant on additional
training (Crespoet al., 2012;Rodrigo et al., 2014). Asmentioned, the
delayed emergence of an elemental strategy in Experiment 3 com-
pared with Experiments 1 and 2 could be due to the fact that cues
were visually indistinguishable in this experiment. It is probable
that the enhanced perceptual similarity of the cues made it diffi-
cult for rats to differentiate between them during the early stages
of training, causing them to rely on both cues to orient towards
the platform. This result is in line with Rodrigo et al. (2014), who
showed that rats trained in the water maze with two cues of equiv-
alent saliences navigated via a configural strategy.
Unexpectedly, the far cue acquired greater behavioural control
after extended training, despite offering no obvious advantage over
the near cue. One simple explanation for this is that rats made use
of incidental room cues unknown to the experimenter. Indeed, it
is difficult to determine the features of an environment that will
be considered most salient to a rat (Young et al., 2006). However,
unintentional visual cues were obscured from view by the addi-
tion of the surrounding curtain and by the administration of all
training and testing in complete darkness. Further, it is doubt-
ful that animals were relying on static auditory or olfactory cues
(e.g. air conditioning) as, if this were the case, we would have
expected groups to navigate equally well regardless of which cue
was removed. One further straightforward suggestion is that rats
were using an inertial sense of direction via their vestibular system
to guide navigation, as previously shown by Cheng (1986). How-
ever, the use of multiple rotations during training as well as novel
start positions during retentionmakes this, or the use of habitual or
procedural responding (Packard and McGaugh, 1992), an unlikely
explanation.
Nevertheless, rats evidently learned to distinguish between the
cues on some non-salient physical feature, which resulted in the
far cue acquiring more salience. We propose that rats discrimi-
nated between the cues based on their spatial position relative to
the platform. Furthermore, we suggest that the positioning of the
distal cue allowed for a more reliable estimation of the platform
location than the proximal cue, causing the former to becomemore
salient. Research has shown that errors in estimating distance tend
to increase more rapidly than directional errors as a cue gets far-
ther from the goal (Kamil and Cheng, 2001; Kamil and Jones, 1997,
2000). Therefore, we can reasonably assume that the far cue in the
current study was a better indicator of directional (as opposed to
distance) information. Previous work with rats in the water maze
has also demonstrated that a loss of directional information affects
performance more negatively than a comparable loss of distance
information, suggesting that the former is weighted more heav-
ily (Diviney et al., 2013; see Kamil and Jones, 2000 for a similar
suggestion in birds).
In addition, research in desert ants has highlighted the impor-
tance of cue elevation for navigation, whereby cues of a lower
elevation allow for a more precise estimation of direction (Müller
andWehner, 2007). Crucially, the elevation of the farther cue (posi-
tioned 162 cm from the platform) was lower than that of the closer
cue (127 cm from the platform) in the present study. Moreover,
the elevation of the near cue would have increased as animals
approached and mounted the platform (making it more difficult to
gauge directional information),whereas the elevation of the far cue
would have remained fairly stable. Therefore, taking the elevations
of the cues into account, in combination with the importance of
directional information, it seems reasonable that rats would regard
the distal cue as more useful; however, future work exploring cue
elevations systematically in the water maze is needed to confirm
this suggestion.
If rats had established the far cue as a primary source of direc-
tional information, the question of how they navigated without a
second cue to provide distance information still remains. As previ-
ously stated, a single cue cannot unambiguously define the location
of a goal (Harvey et al., 2009). To account for this, we suggest that
the perimeter of the maze played an important role in the estima-
tion of distance, and ultimately in establishing the far cue’s higher
salience. The use of the pool wall as an aid in locating the plat-
form iswell-documented (Austenet al., 2013;Hamiltonet al., 2007;
Harvey et al., 2009). Specifically, rats have been shown to swim in
circles around themazeat a setdistance fromthepoolwall in search
of the platform, indicating that they can easily estimate distance
information from the wall (Alvarado and Rudy, 1995; see Artigas
et al., 2005, for a similar finding with humans in a virtual water
maze; Chamizo et al., 2006a; Maurer and Derivaz, 2000). Impor-
tantly, animals would be unable to obtain directional information
from the shape of the maze in the current set of experiments, as
has been illustrated previously (see Pearce, 2009), due to its circu-
lar shape. We posit that in our study, the near cue could have been
replaced by the pool wall relatively easily as a result of its position
close to and in the same quadrant as the platform.
Although our results are indicative of an elemental learning
involving the more salient of two cues, we cannot definitively rule
out the use of a configural strategy. As Rodrigo et al. (2014) state,
the separation of elemental and configural learning strategies is
not easily achievable. According to configural accounts, elemen-
tal representations are retained in memory, although they do not
become directly associated with the goal (Pearce, 1987, 1994).
Thus, once established, a configural representation can be propor-
tionately activated by any of its original elements (Pearce, 1994;
Rodrigo et al., 2014; Sutherland and Rudy, 1989). As such, it is
possible that rats in our study established a configural represen-
tation with both cues (and pool wall) which was then generated
during testing with a single cue (Rodrigo et al., 2014). How-
ever, if this were the case, we would have expected animals
to find the correct platform location using either cue in iso-
lation, i.e. with the near cue in Experiments 1 and 3 and the
far cue in Experiment 2. More specifically, the remaining cue
should have triggered a representation of the overall configura-
tion including the absent cue, allowing rats to navigate accurately
(Rodrigo et al., 2014). One future experiment that could poten-
tially elucidate use of one strategy over another is to examine
the effects of varying cue salience on tasks involving config-
ural discrimination, e.g. negative patterning (similar to Bussey
et al., 2000; who investigated the effects of lesions on negative
patterning).
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In sum, findings from the current study lend support to the
idea of an enhanced flexibility of spatial behaviour (Sturz and Katz,
2009). Rather than being mutually exclusive, it seems more likely
that searching behaviour can come under the control of whichever
strategy (elemental or configural) is most beneficial for navigat-
ing a particular environment (Biegler and Morris, 1999; Kamil and
Jones, 1997, 2000; Rodrigo et al., 2014). Our results provide novel
evidence that the utility of a strategy is at least partially determined
by the relative saliences of the cues and the length of training.
When one cue is notably more salient than the other, rats quickly
learn to rely on the spatial information offered by this cue instead
of the entire arrangement, which may be suggestive of a learning
efficiency. Furthermore, rats’ ability to navigate using this strat-
egy develops more slowly when the available cues are of similar
saliences.
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